Seeking to impose order on the complex processes of personality development, one is often tempted to think in dichotomies about infant temperament. One dichotomy is that temperament is inherited as opposed to other aspects of infant development, such as the attachment relationship, which are experientially molded. However, data on the genetics of temperament resist such easy generalization. Patterns of genetic influence vary from trait to trait (Goldsmith, 1983; Goldsmith, Buss, & Lemery, 1997) , from time to time for the same trait (Matheny, 1989) , and perhaps even from one method of measurement to another (Plomin, 1981) .
One feature of the current literature in behavioral genetics is the contrast between large-and small-sample studies. The largesample studies, with understandably curtailed assessment procedures, can generate sufficient power to distinguish between different degrees of heritability of traits, between nonadditive genetic effects and shared environmental effects when twins are involved, and between different groups on the basis of age or sex (Neale & Cardon, 1992) . On the other hand, it is typically feasible to test only small samples when the assessment procedures are timeconsuming and expensive. Although small-sample studies cannot address highly differentiated biometric questions, they can identify significant sources of variation and roughly estimate the magnitude of their influence. The great advantage of small-sample studies is that they can use the assessment techniques characteristic of McDevitt (1978) . Of the nine dimensions of temperament tapped by the RITQ, genetic effects have been found for the Adaptability, Approach/Withdrawal, Activity, Mood, Intensity, Persistence, and Threshold scales in reports of infant and toddler temperament, with no evidence of shared environmental effects (Cyphers, Phillips, Fulker, & Mrazek, 1990; Torgersen & Kringlen, 1978) . However, in a few cases, negative or too-low dizygotic (DZ) correlations were observed. These are problematic for a heritable trait because DZ twins, who share, on average, half their segregating genes, should resemble each other if genetic effects are additive. These low DZ correlations may reflect genetic nonadditivity (i.e., dominance) and/or parental contrast effects. This type of contrast effect might represent the tendency for parents to exaggerate the intrapair differences between DZ relative to monozygotic (MZ) twins (A. H. Buss & Plomin, 1984) . In summary, temperament questionnaires show evidence of genetic effects; however, these effects may be biased by the low DZ correlations.
Not all twin studies using parent report of temperament show the pattern of negative DZ correlations commonly found in the literature. In a preliminary report using Rothbart's (1981) Infant Behavior Questionnaire (IBQ), Goldsmith and Campos (1986) found evidence for additive genetic variance for three scales of parental report of temperament (Activity Level, Distress to Novelty, and Distress to Limitations) without negative DZ correlations. In addition, correlation patterns for positively valenced scales (Smiling and Laughter, Soothability, and Duration of Orienting) showed evidence for little or no additive genetic effects but, rather, moderate shared environmental effects. Using other questionnaires, Goldsmith et al. (1997) obtained similar findings in a twin questionnaire study of toddlers and preschoolers using modelfitting analyses. Moderate additive genetic effects were found for temperament dimensions of negative affectivity, attention, and activity level as well as for emotion regulation, whereas dimensions related to positive affectivity were associated with shared environmental effects and had little genetic influence.
Not all twin studies have been confined to questionnaire assessment. Temperament-related reactions have been observed in the laboratory (Plomin & Foch, 1980; Wilson & Matheny, 1983 ) and the home (Lytton, 1980; . Many reports in the infancy literature only focus on a single dimension, for example, activity level (Eaton, McKeen, & Lam, 1988; Saudino & Eaton, 1991) or inhibition (DiLalla, Kagan, & Reznick, 1994; Matheny, 1989) . The two preeminent infant twin studies in the area, the Louisville Twin Study (LTS; Matheny, 1983 Matheny, , 1984 Matheny, , 1989 Wilson & Matheny, 1983 ) and the MacArthur Longitudinal Twin Study (MALTS; Emde et al., 1992; Emde & Hewitt, 1998; Plomin et al., 1993) , incorporated both questionnaire and observational assessments in longitudinal designs.
Issues Guiding the Current Investigation
The bulk of the behavior genetic literature on temperament in infancy has focused on univariate analyses of broad dimensions of temperament (e.g., mood and adaptability). There is a strong rationale for moving from univariate to multivariate analysis in behavior-genetic studies of infant temperament. At the phenotypic level, temperament traits often covary (e.g., anger proneness and fearfulness). Traits of similar hedonic valence are often moderately correlated, yielding positive and negative affective dimensions in factor analyses . Univariate analyses at the factor level have affirmed the role of genes established at the individual scale (temperament trait) level. However, multivariate analysis of trait covariance allows a more differentiated view of both genetic and environmental sources of influence and offers stronger clues to potential mechanisms that underlie the trait covariance. Moreover, the multivariate analyses that we used in this study allow the simultaneous investigation of different temperament assessment methods, such as parent report and lab-based elicitation of temperament-related behavior. Given the availability of both questionnaire measures and observational measures of temperament on a subsample, we investigated indexes of fear of strangers using a multivariate model with multisource data.
The most widely used infant temperament questionnaires in the behavior-genetic literature (the EAS, EASI, and CCTI inventories) are focused on broadly defined temperament dimensions. For instance, the dimension of emotionality encompasses both positive and negative emotional expressions. We have demonstrated outside the behavior-genetic framework that there are important differences between discrete emotional (or temperamental) categories, such as anger and fear (K. A. Buss & Goldsmith, 1998) . We have also suggested that such differences require the investigation of behavior-genetic questions at a more discrete level, and we have reported such twin analyses for toddlers and preschoolers . We now extend this line of reasoning and argue that even within narrower categories of temperament, such as fearfulness, different subcomponents (such as person-versus object-oriented fear) might be worthy of behavior-genetic study. Thus, in the current study, we investigated temperament by considering focal aspects of infant temperament, for example, by examining fear and anger proneness separately. Other twin studies of both children (e.g., and adults (e.g., Rose, Miller, Pogue-Geile, & Cardwell, 1981) suggest that this strategy could prove fruitful.
In recent years, the most widely used temperament questionnaire in the non-behavior-genetic literature for infants has probably been Rothbart's (1981) IBQ. The lack of large-sample behavior-genetic data on the IBQ is a significant gap in the literature, especially given the emphasis on constitutional dimensions in the theoretical formulation associated with the IBQ (Rothbart & Bates, 1998) . We chose the IBQ to measure temperament because it emphasizes individual differences in discrete categories of temperament and shows good internal consistency and discriminant validity (Goldsmith, Rieser-Danner, & Briggs, 1991; Goldsmith & Rothbart, 1991; Rothbart, 1981) . There is substantial evidence for external validity of the IBQ scales. They converged to a moderate degree with similar behaviors recorded during home observations (Rothbart, 1986) . Moreover, conceptually related scales from other questionnaires converge with the IBQ. For example, maternal report on the IBQ Distress to Novelty scale correlated -.69 with Carey and McDevitt's (1978) RITQ Approach scale and .61 with Bates' Infant Characteristics Questionnaire Unadaptability scale, two of the other widely used measures of infant fearfulness. Similar convergent validity correlations (-.73 and .76, respectively) emerged from corresponding teacherreport data (Goldsmith, Rieser-Danner, & Briggs, 1991) .
Findings that additive genetic effects are the only source of sibling similarity have dominated the literature, to the extent that any finding of environmental influence on sibling similarity is treated cautiously as possibly nonreplicable. Although using biometric model fitting allows for estimating shared environmental influences on behavior, very little empirical evidence for these influences has been presented in the temperament domain. This situation leads nonspecialists to speculate that there might be some unsuspected bias in twin designs that tends to produce only positive genetic evidence. However, we hypothesized that our recent finding of a strong role for the shared environment for positive emotionality would be extended to infants in the current study.
In this cross-sectional study, we also offer an examination of possible developmental change. Of course, developmental change is best studied with longitudinal designs, as in the LTS and MALTS. For instance, the genetic and shared environmental influences on shyness changed from 14 to 20 months in the MALTS (Plomin et al., 1993) . Where such change is detected, many developmental variables are plausible correlates and perhaps causes, including locomotor and cognitive transitions or reorganizations. It is especially important to consider the potential changing influences of genes and the environment across developmental transitions, when reorganization in one system is often followed by reorganization in another. With the infants in the current study, the most salient developmental transition period was around 9 months of age, when the onset of crawling typically occurs along with cognitive transitions as indexed, for example, by performance on the A, not B task and emotional transitions, such as frank wariness of strangers (Bertenthal & Campos, 1990; Emde, Gaensbauer, & Harmon, 1976) . Thus, we examined infants both older and younger than 9 months (deleting pairs at that age) to search for evidence of changing patterns of genetic and environmental influence in the biometric analyses.
Although the assumptions of the twin method are portrayed carefully in textbooks (e.g., Plomin, DeFries, McClearn, & Rutter, 1997) , they are not often tested. The first assumption is that the twin sample is representative of the population and that the results can therefore be generalized. Second, the equal environments assumption holds that environmental similarity is the same for both types of twins reared in the same family. If identical twins experience more similar environments than fraternal twins for a given trait and this excess environmental similarity is not in reaction to their greater genetic similarity, then genetic variance estimates will be inflated. Although it is difficult to conclude that the equal environments assumption is completely valid, several methods for testing it exist. Another general assumption for most behavior genetic designs is the absence of assortative mating, which refers to the tendency for birth parents to be similar on the traits of interest. Assortative mating inflates genetic resemblance between siblings and may thus reduce the differences between identical and fraternal twin correlations. However, most studies have found negligible spousal correlations for personality traits (Plomin, 1990) . We tested the generalizability and the equal environments assumptions in multiple ways.
To summarize, we addressed the limitations of previous research and extended the behavior-genetic literature on temperament in infancy in several useful ways: (a) both parental report and observational measures of temperament were used, (b) analyses were conducted at both the univariate and multivariate levels, (c) discrete categories as well as subcategories (e.g., stranger fear) of temperament were investigated in a behavior-genetic framework, (d) contributions of the shared environment on temperament were explored and demonstrated, (e) the question of whether genetic and environmental influences on temperament change around the 9-month developmental transition was addressed, and (f) assumptions of the twin method were explicitly tested. Using a different sample and age group, the current report replicated and extended our previous report of temperament in older twins .
Method

Participants
The sample for questionnaire analysis comprised 604 3-to 16-month-old infant twins (302 pairs) and their parents, pooled from five samples from Oregon, Washington, Colorado, Texas, and Wisconsin. Each of the samples was a broad working-or middle-socioeconomic class, mixed-gender sample, with the proportion of Caucasians ranging from approximately 85%-95%. The remainder were equally divided between Hispanics and African Americans. Twins were recruited from birth records and local twin clubs. Participation was voluntary.
A subsample from the greater Denver metropolitan area, the Denver Twin Temperament Study (DTTS), participated in behavioral assessment of temperament in the laboratory as well. These participants were 140 same-sex, 9-month-old twins (70 pairs, 30 of whom were both girls) and their parents. Twin participants were obtained by searching birth records in the Denver metropolitan area. Approximately 60% of the invited families agreed to participate. The DTTS sample included four minority families (one African American, one Asian American, two Hispanic). Parents were married at the beginning of the study, all mothers were at least high school graduates, and the median age of mothers at the twins' birth was 28 years. Each twin selected exceeded the 5% level of twin birthweight norms (Wilson, 1974) and was free of serious birth complications and congenital anomalies. These criteria increased the probability that the twin data would be generalizable to singletons. Mothers were the twins' primary caregiver in 89% of the families. Although twins are at risk for premature birth, 85% of the sample were born within 4 weeks of their due date; only two pairs were born more than 6 weeks prematurely. See Goldsmith and Campos (1990) for details of sampling procedure and demographics.
Zygosity Determination
We devised an extensive zygosity questionnaire for the questionnaire sample, which was administered by mail (Goldsmith, 1991) . Zygosity diagnosed using less extensive questionnaires agrees with zygosity determination by blood typing in about 95% of cases. In cases where there was doubt about the zygosity on the basis of the questionnaire, we sent the mother an individualized follow-up questionnaire designed to clarify the initial information. Some mothers provided medical reports that aided diagnosis, and most provided photographs of the twins. Using all of these sources of information, quite accurate diagnoses could be expected. There were 121 MZ and 181 DZ pairs (99 of the DZ pairs were same-sex). This ratio is typical of volunteer samples (Lykken, Tellegen, & Thorkelson, 1974) . For the DTTS subsample, the zygosity questionnaire was administered in interview format and was supplemented by an examination by H. H. Goldsmith. One year later, we followed up each pair with another zygosity questionnaire to take advantage of the fact that initially similar fraternal cotwins tend to differentiate as they grow. In all cases, the initial diagnosis was confirmed. There were 35 MZ and 35 DZ pairs in this subsample.
Procedure
Families with 3-to 16-month-old infant twins who agreed to participate were mailed a packet of questionnaires. The mother completed the IBQ for Twin A (designated alphabetically by first name). When this questionnaire was returned-usually after 1 week-we sent the IBQ for Twin B.
Measure
We chose the IBQ to measure temperament for reasons given earlier. In addition, for maternal report on the Activity Level, Smiling and Laughter, Duration of Orienting, Soothability, Distress to Novelty, and Distress to Limitations scales, Rothbart (1981) reported mean 9-to 12-month stabilities of . 68, .72, .64, .29, .61, and .65, respectively. 1 In the DTTS subsample, we computed internal consistency estimates for the IBQ scales as follows: Activity Level = .81, Smiling and Laughter = .78, Duration of Orienting = .78, Soothability = .71, Distress to Novelty = .67, and Distress to Limitations = .81. These estimates agreed closely with figures reported by Rothbart (1981) , except that the Distress to Novelty scalesalient in our study-was less reliable. The IBQ format carefully specifies both context and response, as shown by the following illustrative item from the Distress to Novelty scale: "How often during the last week did the baby cry or show distress at a loud sound (blender, vacuum cleaner, etc.)?"
Laboratory Assessment
Twins from the DTTS were tested in the laboratory at ages 9 and 9'/z months. We conducted six short laboratory episodes, ending with a stranger approach (see Goldsmith & Campos, 1990, for details) . This article uses data from the stranger approach only because it had direct counterparts in the IBQ item content.
During the stranger approach, a bearded, male stranger approached the seated infant, picked the infant up for 10 s, put the infant down, turned, and left the room. During this approach, the infant's mother sat approximately 6 m away, in full view of the infant, and the experimenter sat beside the infant. The total episode duration was 53 s. Three physically similar strangers participated in the study; infants encountered a different stranger on each laboratory visit.
We scored the stranger approach according to the criteria suggested by our theoretical approach to temperament (Goldsmith et al., 1987; Goldsmith & Campos, 1982 . That is, we measured temporal and intensive parameters of emotional responses in the vocal, postural, facial, and instrumental channels where feasible in each episode. To be specific, we scored latency to avert gaze, duration of gaze aversions, latency to show bodily avoidance of stranger, duration of bodily avoidance, latency to show distress, duration of distress, and intensity of distress. All of these parameters were coded in 11 epochs of approximately equal duration during the stranger approach episode. We averaged the 9-and 9'/2-month assessments to capture the stable quality of the dimensions.
We used several procedures to ensure consistent, independent scoring. From a pool of five scorers, two individuals were trained as primary scorers for each episode; one scored Twin A and the other Twin B. Training continued until scorers reached at least 90% agreement for each discrete behavior in pilot data and initial participants. Thus, initial interscorer agreement ranged from 90%-100%, but these figures are somewhat artifactual because we retrained scorers if agreement was below 90%. To ensure continuing interscorer agreement during the course of the study, preselected participants (about 20% of the participants for a given episode) were scored by both primary scorers. Any discrepancies of more than 1 rating interval detected during reliability scoring were resolved by discussion with a third scorer (H. H. Goldsmith) and rescored. This procedure yielded no additional estimates of agreement, but it did guard against drift in scoring procedures. The first and second visits of a given participant were scored at different times.
We previously reported a series of methodological analyses based on this subsample plus a sample of singletons (Goldsmith & Campos, 1990) . These findings can be summarized as follows: (a) There were no sex differences in the data, (b) we found no convincing evidence for order-oftesting effects, and (c) twins and singletons did not differ on the questionnaire scales or on the laboratory stranger approach. Thus, we could reasonably assume that our results were not due to undetected sex differences, order effects, or twin-singleton differences.
We made every effort to retain participants for analysis because deleting fussy participants truncates the distribution of behaviors under study (Fagen, Ohr, Singer, & Fleckenstein, 1987; Richardson & McCluskey, 1983; Treiber, 1984; Wachs & Smitherman, 1985) . Our procedures required that infants begin each episode in a quiet, alert state. Missing for the behavioral composites used in most of the analyses were 2% to 10% of the fear scores. Four of the 70 twin families did not return for a second visit; also, some infants missed entire episodes because of distress.
Statistical Approach
Our univariate analyses used both a traditional intraclass correlational approach-to allow comparison with much of the literature-and model fitting by means of the Mx software program (Neale, 1994) . The wellknown correlational approach begins with the formulation of observed variance of standardized scores in the population as 1 = V A + V c + V E , where A, C, and E designate additive genetic, common environmental, and unique environmental (plus measurement error) sources of variation. Thus, the variance components contributing to twin similarity are indexed by the intraclass correlation R MZ = V A + V c for identical twins and R DZ = .5 V A + V c for fraternal twins. Thus, estimates of V A , V c , and V E can be derived from twin data, subject to assumptions mentioned earlier.
The univariate models were fit to intraclass variances and covariances for identical (MZ) and fraternal (DZ) twins, yielding four data points per measure. The full univariate biometric model incorporates three parameters (paths for genetic effects [h], shared or common environmental effects [c] , and nonshared environmental effects plus measurement error [e]). After estimation of these three parameters, one degree of freedom remains to test the model's fit. We used the chi-square test of goodness of fit, Akaike's Information Criterion (AIC), and the p > .05 threshold for all models. A small chi-square corresponds to good fit, and a large chi-square corresponds to bad fit. AIC is functionally related to x 2 -2 X df, because the number of measured variables remains constant across models in this study. Good fit with only a few free parameters yields a small chi-square with large df, leading to a large, negative AIC. AIC is a goodness-of-fit index that takes parsimony into account and thus penalizes heavily parameterized models relative to simpler models that are more replicable (Joreskog, 1993; Tanaka, 1993) . Once the full model was fit, we then dropped the h 2 or c 2 paths to compare the fit of the reduced model to the full model. Tests of the difference in fit of the models were conducted by means of difference in chi-square tests of maximum likelihood model fitting. A nonsignificant difference in the chi-square values between two models implies that the additional specification did not significantly reduce the fit; thus, the new, more restricted model was tentatively accepted as more parsimonious. The advantages of model fitting include accounting for sample size, estimating with maximum likelihood, and easily extending a univariate model to the multivariate case. Our multivariate model-fitting approach is a straightforward generalization of the univariate approach (Martin & Eaves, 1977; McArdle & Goldsmith, 1990) . Of course, the multivariate analyses address genetic and environmental influences on the covariation among measures in addition to the variation of these measures themselves. So, for example, it is conceivable (though unlikely) that genetic effects might account for most of the unique variation in each of four correlated measures of some temperamental construct, but genetic factors might have no effect whatsoever on the variance common to the four measures. That is, genetic effects can be specific to a discrete measure of temperament or general to several measures.
Results
Investigation of Assumptions of the Twin Method
One of the two major assumptions of the twin method is that twins do not differ substantially from the general population regarding the characteristics under study. The sampling plan for the DTTS in particular was designed to yield a representative sample, as described in the Method section. We also included a comparison sample of singletons to check the representativeness assumption directly. The supportive results are summarized in the Method section and were detailed in Goldsmith and Campos (1990) .
The other major assumption is that environmental similarity does not differ for MZ versus DZ twins for the characteristics under study (unless differential environmental similarity is secondary to genetic differences). Without measuring environments directly-because relevant environmental variables are largely unknown-we can conduct some indirect tests of this assumption. For instance, the equal environments assumption would imply that means and variances should be equivalent in MZ and DZ twins considered as individuals. Table 1 presents the mean and standard deviation statistics by zygosity group. Examination of the contrasts for the six questionnaire scales for the complete sample showed no significant differences.
Another test of this assumption was suggested by Loehlin and Nichols (1976) , who reasoned that intrapair assimilation (fostering heightened similarity) or contrast (fostering heightened distinctiveness) effects should be reflected in nonnormal distributions of raw difference scores. We would expect that the raw difference scores for both MZ and DZ twins would be normally distributed around zero or no differences, with the DZ distribution typically having a larger variance for a genetically influenced trait. If we find that the DZ distribution, for example, was skewed, this might indicate a DZ contrast effect, which would violate the equal environments assumption. We computed correlations of the raw cotwin difference scores with normalized scores separately for MZ and DZ twins for each of the six scales of the IBQ, portrayed in the top part of Table 2 . These distributions were near normal for both MZ and DZ twins, implying that many independent causal variables (rather than a single, large biasing variable) affected the distribution of differences.
A third way of testing the equal environments assumption is to consider the parents' beliefs about their twins' zygosity. Some parents can be mistaken in their beliefs about their twins' zygosity, often because of misinformation or misinterpreted information given at birth (Goldsmith, 1991) . Data from parents who believe that they have DZ twins but who really have MZ twins can be compared with data from parents who correctly believe their twins are MZ. A similar comparison can be made with data from parents .50
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Note. IBQ = Infant Behavior Questionnaire; MZ = monozygotic; DZ = dizygotic. * One outlier removed. With the outlier, r = .12. who mistakenly believe their twins are MZ. If the equal environments assumption is upheld, then parents' beliefs about zygosity should not bias or change the intraclass correlations. We computed intraclass correlations for 13 pairs of twins whose parents clearly believed them to be DZ but who were really MZ (according to our classification system outlined in the Method section), and we compared these correlations to intraclass correlations from sets whose parents correctly believed them to be MZ. The bottom part of Table 2 illustrates these intraclass correlations. Using z tests for unequal N, we found no significant differences between the "MZ thought to be DZ" and "MZ thought to be MZ" groups (using the Soothability scale without the one outlier), once again providing support for the equal environments assumption. In our sample, no parents of DZ twins incorrectly believed them to be MZ.
Forming Composites From the Questionnaire Scales
We first examined the pattern of correlations among the IBQ temperament scales to determine whether to conduct the behavior genetic analysis at the individual scale level or the factor level. Table 3 depicts the interscale phenotypic correlations among the IBQ scales for two subsamples, one twin from each pair, and the other twin from each pair. All scores were corrected for sex differences and linear and quadratic effects of age. These adjust- The interscale correlations were low for both subsamples, which justified considering each temperamental scale independently. On the other hand, we observed some clustering of conceptually similar scales. We performed a series of principal-component analyses on the sex-and age-corrected IBQ scales, with varimax rotation, and uncovered the same two-factor solution reported by Rothbart and colleagues (Rothbart, 1986) . We analyzed one twin from each pair as separate samples, and both of these analyses revealed the same two-factor structure. The first factor was labeled Positive Affectivity, and its highest loadings were the Smiling and Laughter, Duration of Orienting, and Soothability scales. The second factor was labeled Negative Affectivity, and its highest loadings were the Distress to Limitations, Activity Level, 2 and Distress to Novelty scales. The factor loadings, eigenvalues, and variances accounted for in a combined sample of Twin As and Twin Bs are shown in Table 4 .
We formed composites by using the factor scores from the combined analysis including both Twin A and Twin B. The results of these analyses suggested to us that behavior-genetic analyses of the IBQ should be conducted at the level of the individual content scales but that factor level analyses also deserved examination.
Twin Similarity for the IBQ
We computed intraclass correlations for each IBQ scale using all twin pairs available. Table 5 shows intraclass correlations for the six scales and the two factors, displaying both the raw correlations and the correlations corrected for sex differences and for linear and quadratic effects of age. Correlations are provided for Note. IBQ = Infant Behavior Questionnaire. a Corrected for sex effects and linear and quadratic effects of age. 2 The Activity Level scale of the IBQ taps motor activity that does not require locomotion. An example item is "During feeding, how often did the baby squirm or kick?" This scale is positively correlated with the Distress to Limitations scale and loads on the Negative Affectivity factor. Later during the preschool years, however, the Activity Level scale from the Children's Behavior Questionnaire (CBQ; Rothbart, Ahadi, & Hershey, 1994) taps somewhat different aspects of activity, including locomotion. An example item from the CBQ is "Moves about actively (runs, climbs, jumps) when playing in the house." Activity Level on the CBQ loads on the Surgency factor and may have a different etiology. Table 5 , the identical twin correlations were higher than the pooled fraternal twin correlations for all scales except Soothability, thus suggesting genetic effects on variability in these scores. The Negative Affectivity factor, as well as the individual scales that compose it, showed MZ correlations about double the DZ correlations, indicating a genetic effect but no effect of the shared environment. On the other hand, the Positive Affectivity factor and the individual scales that compose it showed DZ correlations more than half the MZ correlations, indicating an effect of the shared environment in addition to a genetic effect. We also noted the absence of the too-low DZ correlations that characterize much of the literature summarized earlier in the article.
Univariate Models of Questionnaire Data
Behavior-genetic parameters can be estimated more accurately with maximum-likelihood techniques that give appropriate weighting to sample size and variances of each zygosity grouping. The final univariate Mx models for each sex-and age-adjusted IBQ scale are presented in the upper part of Table 6 . For each scale, we show the full models, including additive genetic effects (A); shared, or common, environmental effects (C); and nonshared environmental effects (E). We then dropped parameters to consider the reduced CE model (i.e., the model incorporating both shared and nonshared environmental effects), the AE model (i.e., the model incorporating additive genetic effects and nonshared environmental effects), and the E model, as described in the Method section.
Referring to the results in Table 6 , for the Smiling and Laughter and Duration of Orienting scales, the full ACE model (i.e., the model incorporating additive genetic, shared environmental, and nonshared environmental influences) fit best, indicating that both additive genetic and shared environmental effects were needed to best represent the data. The CE model fit best for the Soothability scale, suggesting that no genetic effect was needed. For the Distress to Limitations, Distress to Novelty, and Activity Level scales, the AE model was the best fit, indicating the lack of a common environmental effect. In each of the six cases, the best fitting model was clear-cut; in any case where two models yielded AICs indicating good fits, one of the models could be rejected because either the A or the C parameter was estimated at zero. These results are consistent with our interpretations of the intraclass correlations and also with previous findings with similar scales with toddler and-to a lesser extent-preschooler twins, summarized earlier in the article .
We next used the same approach with the Positive and Negative Affectivity summary factors derived earlier, as shown in the lower part of Table 6 . Consistent with the univariate scale results, the ACE model clearly fit best for Positive Affectivity, and the AE model fit best for Negative Affectivity. Although the factor level generally summarized the data nicely, it lost some important distinctions. For example, the shared environment could explain all of the similarity between twins for the Soothability scale, and this point was lost in the Positive Affectivity factor results.
Multivariate Models of Questionnaire Data
To further explore the relationship among the scales that made up the Positive and Negative Affectivity summary factors, we fit trivariate models depicting the relationship among the scales. A multivariate genetic model suggests the etiology of the phenotypic covariances among the variables. In other words, is the covariation due to genetic or environmental influences or both? Multivariate model fitting typically begins with the Cholesky decomposition (Gorsuch, 1983) . In the Cholesky decomposition, the first phenotype is influenced by the first set of ACE latent factors, the second phenotype is influenced by the first ACE latent factors as well as a second set of independent ACE latent factors, and so forth. Note. IBQ = Infant Behavior Questionnaire; A = additive genetic effects; C = common (shared) environmental effects; E = nonshared environmental effects; AIC = Akaike's Information Criterion; ACE = model incorporating additive genetic, shared environmental, and nonshared environmental effects; CE = model incorporating both shared and nonshared environmental effects; AE = model incorporating additive genetic and nonshared environmental effects. Plausible models appear in boldface; no statistical tests were performed on implausible models. The chi-square difference test was used to compare the difference in fit between the full model and nested models (see Method section). All covariance matrices were corrected for linear and quadratic effects of age and for sex effects.
We first fit the Cholesky decomposition to the Duration of Orienting, Smiling and Laughter, and Soothability scales. Because the best fitting univariate model for the Soothability scale did not include a genetic component, we expected that the genetic aspect of the full multivariate model would not fit well. As anticipated, this model did not fit well, /(29) = 68.7\,p = .00, AIC =10.71 (5 paths were set to zero after their parameter estimates went negative). In addition to its lack of genetic influence, the Soothability scale differs from the other scales in that it taps how many different techniques are effective in soothing the child, rather than tapping frequency of affective, motoric, or attentional responses as the other five IBQ scales do. Thus, we dropped the Soothability scale and fit a bivariate model with the Duration of Orienting and Smiling and Laughter scales. This bivariate ACE model did fit well, ^(11) = 10.64, p = .47, AIC = -11.36. Figure 1 illustrates this model with its standardized path coefficients. We tested the significance of each path by establishing that the path could not be dropped from the model without a significant decrement in the fit of the model, using the change in chi-square test. For Figure 1 , all paths were significant except the shared common environment path to the Smiling and Laughter scale. Most of the shared environmental influence for both the Duration of Orienting and Smiling and Laughter scales was not shared between these two traits; that is, the shared paths did not approach the magnitude of the unique shared environment paths for either trait. This finding implied that the genetic and shared environmental influences on these traits were largely unique.
Next, we fit the full ACE model to the IBQ scales that made up the Negative Affectivity factor: Activity Level, Distress to Limitations, and Distress to Novelty. As anticipated from the univariate results, this full model did not fit well, X 2 (24) = 73.03, p = .00, AIC = 25.03. First, none of these component scales required a shared environmental aspect (C) in their univariate models; thus, it was unlikely that C would significantly contribute to shared variation between these scales. In the multivariate model, the C parameters were low. In addition, the Activity Level and Distress to Novelty scales did not share any of their genetic variance. In fact, Table 3 illustrates that they shared little phenotypic variance: r = .07 for one twin, and r = .14 for the other twin. Thus, we next dropped the Activity Level scale and fit a bivariate model to the Distress to Limitations and Novelty scales, which had shown a phenotypic r of .26 for one twin and .24 for the other twin. This bivariate ACE model fit reasonably well, x 2 (ll) = 17.15, p = .10, AIC = -4.85. As expected, the shared environment paths were not necessary for these dimensions of temperament, so we dropped them, yielding a more parsimonious bivariate AE model, * 2 (14) = 17.16, p = .25, AIC = -10.84, which is depicted in Figure 2 . All path coefficients in this model were significant. Although the shared genetic and environmental parameter estimates were significant, indicating some shared genetic and environmental influences between the Distress to Limitations and Distress to Novelty scales, most of the genetic and environmental variance was unique to these dimensions of temperament, supporting the hypothesis of different etiologies (e.g., A c to Distress to Novelty = .16, whereas A v to Distress to Novelty = .56). As discussed earlier in the article, many temperament questionnaires combine fear and anger proneness tendencies into one negative emotionality scale, which would mask these results.
Models That Allow for Changing Parameter Estimates Across Age
From age 3 to 16 months-the range of our study-there are profound developmental transitions in the life of the infant. Around the age of 9 months, infants begin to crawl, show fear of heights and of strangers, engage in joint visual attention, and understand object permanence (Campos, Kermoian, Witherington, Chen, & Dong, 1997) . The acquisition of these skills is probably related, because the acquisition of one provides many different experiences for the infant. Developmental psychologists are now trying to identify the specific mechanisms of these transitions. We hypothesized that the dimension of temperament that would be most affected by the onset of self-produced locomotion would be activity level. Likewise, the dimension of temperament that would be most affected by the onset of stranger anxiety would be distress to novelty.
We divided our sample into two age groups, infants over and under 9 months of age, to capture two somewhat more homogeneous groups of infants before and after typical ages of the crawling and stranger anxiety transitions (n = 54 pairs of MZ and 105 pairs of DZ twins in the younger group, and n = 44 pairs of MZ and 37 pairs of DZ twins in the older group). We fit univariate biometric models to each of these dimensions of temperament, allowing parameter estimates to vary between the younger and older groups. As expected, the AE model fit best for both the Activity Level scale, ^(8) = 10.93,/) = .21, AIC = -5.07, and the Distress to Novelty scale, ^(8) = 9.85, p = .28, AIC = -6.15. More important, there was not a significant difference in the genetic parameter estimate for the younger and older groups for either Activity Level (.46 to .50) or Distress to Novelty (.47 to .38). Thus, we could adduce no evidence that the genetics of infant activity level and distress to novelty changes across the important developmental transitions occurring around 9 months of age.
Multivariate Analysis Using the Subsample With Laboratory Measures
We focused on stranger distress for our multivariate model because it was the lab measure that was best represented by IBQ items. The stranger distress lab composite was formed from latency, duration, and intensity of distress, coded 11 times during the stranger approach episode and averaged across both stranger approach sessions, which were performed 2 weeks apart. This composite correlated .37 with IBQ Distress to Novelty for mother report and .25 for father report. For our multivariate model, we considered only the five IBQ items concerning typical reactions to strangers. These five items inquire about approach and avoidance behaviors, and thus do not directly assess stranger distress. Table 7 illustrates the correlations among mother report of stranger wariness, father report of stranger wariness, and the lab stranger wariness composite for the subsample of twin pairs who participated in the DTTS-32 pairs of MZ and 35 pairs of DZ twins with data. Because of a chance finding of unequal variance in the individuals initially assigned as Twin 1 versus Twin 2 within zygosity, this assignment was rerandomized before the model fitting reported below. For the lab composite, one multivariate outlier, who was four standard deviations above the mean, was removed and the variable was square root transformed to minimize a positive skew and approach normality. Because our subsample contained so few participants, the model fitting with these data must be viewed as justified mainly by the few examples of contemporaneous lab and questionnaire data in the multivariate behavior genetic literature. The approach suggests the value of considering multisource measures of a specific reaction at a particular age.
We began with fitting univariate models to each of our three measures of stranger distress: mother report, father report, and lab composite. Intraclass correlations revealed DZ correlations somewhat less than half MZ correlations, suggesting possible nonadditive dominant (D) genetic influences; thus, we tested the ADE model (i.e., the model incorporating both additive and nonadditive genetic effects plus nonshared environmental effects) as one alternative. For all three measures, the AE model was the best fit: mother report A = .71, /(4) = 2.42, p = .66, AIC = -5.58; father report A = .69, /(4) = 1.76, p = .78, AIC = -6.24; and lab composite A = .68, /(4) = 1.99, p = .74, AIC = -6.01. We then fit a multivariate Cholesky AE model with all three measures of stranger wariness entered into the model. This model had a reasonable fit, ^(33) = 55.15, p = .01, AIC = -10.85, depicted in Figure 3 . All path coefficients were significant, using the change in chi-square test. It was interesting that this model was consistent with the interpretation that the covariation among these measures is mediated through shared genetic variance. This model illustrated convergence for reactions to strangers, across methods and response types. Note. Above the dashes are correlations derived from a sample consisting of one twin from each pair (n = 67). Below the dashes are correlations derived from a sample of other twin from each pair (n = 67). .53 .55 Figure 3 . Multivariate biometric analysis of multimethod measures of stranger distress, ^(33) = 55.15, p = .01, Akaike's Information Criterion = -10.85. A, = 1st additive genetic latent factor; A 2 = 2nd additive genetic latent factor; A, = 3rd additive genetic latent factor; E, = 1st nonshared environmental latent factor; E 2 = 2nd nonshared environmental latent factor; E 3 = 3rd nonshared environmental latent factor; Mother Stranger = mother report of stranger wariness; Father Stranger = father report of stranger wariness; Lab Stranger Approach = laboratory assessment of stranger wariness.
Discussion
Our results expand on the infant temperament literature by showing that focal aspects of temperament have somewhat different etiologies. One implication is that nongenetic research should frequently use specific dimensions of temperament rather than more global concepts, such as difficulty, emotionality, and mood. One result that runs counter to some temperament theories is that the IBQ scale measuring pleasure (i.e., the Smiling and Laughter scale) and the IBQ scale measuring interest and persistence (i.e., the Duration of Orienting scale) were both best represented by a model incorporating additive genetic, shared environmental, and nonshared environmental (i.e., ACE) influences, with the additive genetic effects being rather modest. Although the empirical result that the shared environmental variance is important is intuitively appealing in the sense that it offers something for everyone's theoretical predilection, this result is rarely obtained in the parental and self-report temperament and personality literatures. In addition, the IBQ Soothability scale was best modeled without a genetic influence. Shared environmental influences entirely accounted for the similarity between cotwins on this scale. However, we are reluctant to conclude that individual differences in infant tendencies to soothe easily or not is without genetic correlates because of the IBQ Soothability scale's item content, as noted earlier. The questions about effectiveness of different soothing techniques seem more open to caregiver input than most other IBQ items, and that input would be common to cotwins.
Although shared environmental influences have not been highlighted in the literature, they have been evident in several temperament and personality studies that included measures of positive aspects of behavior. Goldsmith and Gottesman (1981) , for example, found shared environmental influences on rater report of person interest in 8-month-old infants (MZ intraclass correlation [ICR] = .28; DZ ICR = .20). Goldsmith and Campos (1986) found shared environmental influences for observational measures of smiling (MZ ICR = .22; DZ ICR = .26). This finding of shared environmental effects with maternal report of positive affect has been replicated in the toddler age range 3 (Goldsmith, 1986; Goldsmith et al., 1997) and in preschoolers (Cohen et al., 1977; Goldsmith et al., 1997) . Lytton (1980) also noted a shared environmental influence on observed positive affect in 2-year-olds (MZ ICR = .90; DZ ICR = .83). In addition, for adult twins reared apart who were given the Multidimensional Personality Questionnaire (MPQ), shared environmental influences accounted for 22% of the variance in the Positive Affectivity factor (Tellegen et al., 1988) . The convergence of these findings and their extension to infancy emphasize a shared environmental influence on temperament and personality that has heretofore been overlooked or minimized. Future studies need to identify the sources of this shared environmental variance (e.g., maternal personality, attachment security) and also examine the magnitude of the effect across different age groups.
In contrast to these more positively valenced scales, the shared environment did not significantly contribute to twin similarity for the more negatively valenced scales and activity level. The IBQ anger proneness scale (Distress to Limitations), the IBQ fear proneness scale (Distress to Novelty), and the IBQ Activity Level scale were all best represented by a model incorporating additive genetic and nonshared environmental (i.e., AE) influences. Thus, all similarity between cotwins was mediated genetically. These findings replicate previous research on negatively valenced temperament and personality dimensions across the life span.
Nonshared environmental influences contribute to differences between individuals. In the temperament literature, the majority of the environmental influence on temperament is nonshared, especially for negatively valenced temperament dimensions and activity level. Rowe and Plomin (1981) outlined possible sources of the nonshared environment. One way to identify nonshared environmental influences is to correlate a specific environmental measure with MZ twin difference scores-because MZ twins share 100% of their genes, anything that makes them different would be a nonshared environmental influence. Future studies should attempt to identify these important influences on temperament.
To investigate the utility of studying focal aspects of temperament, we considered the covariance between related dimensions of temperament. We found that a bivariate ACE model fit the Duration of Orienting and Smiling and Laughter scales, but that a bivariate AE model fit the Distress to Limitations and Distress to Novelty scales. Most of the genetic and environmental variances were unique to each IBQ scale; however, the interest and pleasure scales and the anger proneness and fear scales shared some genetic and some environmental variance. Although these particular pairs of similarly valenced scales share some variance, distinctive information is lost when they are composited together. Thus, our results lend a behavior-genetic rationale for using specific measures of focal aspects of temperament to elucidate relationships between temperament and other measures of interest.
Temperament and personality researchers have traditionally worked toward forming global composites to increase reliability and generalizability. These global composites are usually formed by factor analyzing questionnaire scales. For example, Tellegen's (1982) MPQ has 11 content scales, which are routinely factored into three composites. One potential problem with this practice is that behaviors related to different emotions are lumped into one factor. In fact, some questionnaires combine both positively and negatively valenced emotional behaviors into one global emotionality factor. Although these methods are valuable for some hypotheses or predictions to later behavior, they also may mask important associations among more specific aspects of temperament, as we have demonstrated in this article.
Moving from the broader level of analysis (i.e., factors) to the focal dimensions of temperament, we can also investigate still more specific behaviors within temperament dimensions. With this research goal in mind, we selected specific items from the IBQ that tapped stranger wariness and then considered mother and father report of this stranger wariness along with a lab-based composite of stranger wariness in a multivariate model. Although our sample size for this analysis was small and thus our results may only be considered suggestive, we found that genetic influences entirely accounted for the covariation between these three measures of stranger wariness. This finding is encouraging because it supports the hypothesis that we are measuring the same latent construct with multiple methods.
Another feature of our results is that they do not show the too-low DZ correlations that pervade the parental report twin temperament literature, summarized earlier. Too-low DZ correlations are typically found with measures that use global items, such as the EAS Activity Level item stem, "Child is very energetic," which is rated on a scale ranging from not at all to a lot. In contrast, an example IBQ Activity Level item stem, such as, "When put into the bath water, how often did the baby splash or kick?" is rated for the last week on a 7-point scale ranging from never to always. It appears that these contextually specified (e.g., while in the bath) frequency ratings of specific responses (e.g., splash or kick) are less susceptible to maternal rating bias. Goldsmith et al. (1997) outlined other possible explanations for the high positive MZ ICR and low DZ ICR pattern found in the prior literature. Among these are gene-environment interactions, epistatic genetic nonadditivity (interaction of alleles at different loci), and DZ contrasts arising from the actual behavior of the twins, rather than a rating bias. We find these explanations to be less 3 There is a difference between our present finding for infants (ACE as the best model for the IBQ Smiling and Laughter scale) and our prior finding for the toddler period ; CE as the best model for the Toddler Behavioral Assessment Questionnaire Pleasure scale). Taken at face value, this difference would constitute a discrepancy that would be difficult to convincingly explain (how might a genetic influence disappear between infancy and toddlerhood?). However, the data from Goldsmith et al. (1997) actually implicated a weak genetic factor that was insignificant in the toddler data. With a larger sample size and a slightly stronger effect, the genetic source of variance (A) was significant in these infancy data. However, we cannot conclude from statistical tests that the genetic factor was stronger in the infancy data than the toddler data, and thus the findings are actually not discrepant. As the text emphasizes, the presence of a significant shared environmental source of variance for pleasure in both data sets is the noteworthy and replicable finding.
likely than rating bias, given that some questionnaires do not yield the too-low DZ correlations.
Whenever using parent report measures, one must consider the possibility that results may be due to the measurement process, rather than to characteristics of the child. Several reviews indicate that parent report measures of child temperament yield valid findings (Bates, 1989; McDevitt, 1986) . It is ideal to obtain multiple measures of the trait under study, as they were for our DTTS subsample, so that measurement-specific bias may be identified.
The IBQ scales are often interpreted as the constitutional aspects of infant behavior. However, as we have shown, three scales show minimal or modest genetic variance, suggesting that experiential factors play a significant role. As a prelude to the search for environmental components that foster similar temperament, we turn to the literature on temperament measured by the IBQ. The IBQ relates to several other aspects of emotional behavior, regulation, and physiological reactivity. Rothbart and colleagues demonstrated good convergent validity of the IBQ with observational measures of the same behaviors (Rothbart, 1981) . In addition, the IBQ has been related to behaviors beyond temperament. For example, the fear scale (Distress to Novelty) on the IBQ has been associated with increased latency to approach later in childhood (Rothbart & Mauro, 1990 ). In addition, mothers' ratings of fear at 6, 10, and 13 months using the IBQ were correlated with mothers' later rating of shyness on the CBQ at 7 years. Rothbart, Ziaie, and O'Boyle (1992) found that fear scores on the IBQ were positively related to regulatory behaviors, such as inhibiting reaching toward a stimulus, and negatively related to approaching or attacking a stimulus. IBQ scores obtained at 1,4, and 12 months of age differentially predict classification as overcontrolled versus undercontrolled at 3 years 6 months of age (Aksan et al., 1998) . Furthermore, the IBQ is associated with physiological reactivity, supporting a biological basis to some dimensions of temperament. For example, Gunnar and colleagues found that higher scores on the Distress to Limitations scale were correlated with increased cortisol responses to separation (Gunnar & Brodersen, 1991; Gunnar, Larson, Hertsgaard, Harris, & Brodersen, 1992) , whereas lower scores at 6 months were associated with shorter heart periods and lower vagal tone to a heelstick at birth (Gunnar, Porter, Wolf, Rigatuso, & Larson, 1995) . K. A. Buss et al. (1997) recently showed that at 6 months, IBQ Distress to Novelty and IBQ Soothability scale scores were associated with greater relative right frontal electroencephalogram (EEG) activation and increases in cortisol after a stranger approach.
Many of the associations listed here may account not only for the shared environment but also for a portion of the additive genetic variance. For example, basal cortisol (Kirshbaum, Wust, Faig, & Hellhammer, 1992) and EEG power spectra have been shown to be heritable (Lykken, Tellegen, & Iacono, 1982) . Therefore, an investigation of the genetic and environmental covariance between these physiological measures and temperament may help to elucidate the shared etiology of these behavioral and biological measures. We are currently undertaking a longitudinal twin study to investigate these covariances with multiple measures.
